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(54) Non-asbestos material and process for producing the same 

(57) The present invention relates to a fibrous base 
material comprising a primary layer of less fibrillated 
aramid fibers, carbon particles, carbon fibers, phenolic 
novoloid fibers, and at least one filler material, optionally 
cotton fibers, and a secondary layer of carbon particles 
on at least one surface of the fibrous base material for 
use in a non-asbestos friction material. In certain 
embodiments, the fibrous base material is impregnated 
with a phenolic or phenolic-based resin material, includ- 
ing, for example, a mixture of a phenolic resin and a sil- 
icone resin to form a friction material having an 
extended high speed durability life, good "break-in" 
characteristics, good heat dissipation characteristics, 
and good noise or squawk resistance. 
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Description 

[0001] The present invention relates to a fibrous lining material comprising a primary layer having less fibrillated 
aramid fibers, carbon fibers, carbon particles and a secondary layer comprising carbon particles. More particularly, the 

5 present invention relates to a non-asbestos, non-metallic friction material comprising a fibrous base material having 
carbon particles deposited on the surface of the fibrous base material during the friction paper making process. The 
fibrous base material comprises a primary layer having less f torillated aramid fibers, carbon fibers, carbon particles, 
phenolic novoloid fibers, cotton fibers and at least one filler material, such as diatomaceous earth; and, a secondary 
layer comprising carbon particles. The invention further relates to a composite friction material comprising the above 

w described fibrous base material impregnated with a phenolic resin or a modified phenolic resin Wend. In certain embod- 
iments, at least one silicone resin is blended with at least one phenolic resin for use in impregnating the fibrous base 
material. 

[0002] The friction material of the present invention has improved strength, porosity, wear resistance and noise 
resistance. The friction material of the present invention has better "break-in" behavior and more stable coefficients of 
is friction in the initial stages than conventional friction materials. Also, the resulting friction material is especially useful in 
high energy applications and noise-free conditions. 

[0003] The friction material of the present invention also has an extended high speed durability life. 
[0004] New and advanced transmission systems and braking systems are being developed by the automotive 
industry. These new systems often involve high energy requirements. Therefore, the friction materials technology must 
20 be also developed to meet the increasing energy requirements of these advanced systems. 

[0005] The friction material must be able to withstand high speeds wherein surface speeds are up to about 
65m/seconds. Also, the friction material must be able to withstand high facing lining pressures up to about 1500 psi. It 
is also important that the friction material be useful under limited lubrication conditions. 

[0006] The friction material must be durable and have high heat resistance in order to be useful in the advanced 
25 transmission and braking systems. Not only must the friction material remain stable at high temperatures, it must also 

be able to rapidly dissipate the high heat that is being generated during operating conditions. 

[0007] The high speeds generated during engagement and disengagement of the new transmission and braking 

systems mean that a friction material must be able to maintain a relatively constant friction throughout the engagement. 

It is important that the frictional engagement be relatively constant over a wide range of speeds and temperatures in 
30 order to minimize "shuddering" of materials during braking or the transmission system during power shift from one gear 

to another. In particular, the friction material must not shudder during the initial cycles or "break-in" period of operation. 

[0008] It is also important that the friction material have a desired torque curve shape so that during frictional 

engagement the friction material is noise or "squawk" free. 

[0009] Previously, asbestos fibers were included in the friction material for temperature stability. For example, the 

35 Arledter et al. U.S. Patent No. 3.270,846 patent describes phenolic and phenolic-modified resins used with asbestos. 
Now, however, due to health and environmental problems, asbestos is no longer being used. More recent friction mate- 
rials have attempted to overcome the absence of the asbestos in the friction material by modifying impregnating paper 
or fiber materials with phenolic or phenolic-modified resins. These friction materials, however, do not rapidly dissipate 
the high heat generated, and do not have the necessary heat resistance and satisfactory high coefficient of friction per- 

40 formance now needed for use in the high speed systems currently being developed. 

[0010] While phenolic resins have found use in friction materials for wet clutch applications, the phenolic resins 
have various limitations. The phenolic resin friction materials do not have the high heat resistance necessary for use 
with the new high energy transmission systems. In particular, the phenolic resins carbonize at a temperature of about 
450° to 500*0 which is too low to be useful in high energy applications. In addition, phenolic resins are rigid materials 

45 and when the phenolic resins are used in a friction material, uneven lining wear and separator plate "hot spots" result 
[001 1 ] Attempts to overcome the limitations and drawbacks of phenolic resin friction materials include the replace- 
ment of phenolic resins with other thermosetting resins. One attempt to produce friction materials involves the modifi- 
cation of a phenolic resin with various synthetic resins. One example, described in Takarada et al. US. Patent No. 
4,657,951, is a phenolic resin modified with an organopolysiloxane which is compression molded to form a friction 

so material. The phenolic resin and organopolysiloxane are reacted together to effect a condensation reaction which is 
then distilled, solidified by cooling, and pulverized to obtain a powdered phenolic-modified resin. The powdered phe- 
nolic-modified resin was used in forming a compression molded friction material. 

[001 2] As far as is known, there is no disclosure of a friction material for use in transmission systems which includes 
a silicone material blended with a phenolic material and used to impregnate a friction paper. 
ss [001 3] While the Hartmann et al. U.S. Patent No. 3,91 1 ,045 reference discusses a silicone material blended with 
phenolic resins for use as a compression molding composition, there is no disclosure or suggestion that a silicone 
material could successfully be blended with a resin material and used to impregnate a friction lining material. On the 
contrary, previous attempts to use silicone resins in friction materials have been unacceptable. A friction lining that is 
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impregnated or saturated with a silicone resin has, in the past demonstrated poor shear strength and delamination 
resistance. Further, friction materials saturated with a silicone resin are usually too elastic and therefore tests with 
undesirable friction and wear characteristics resulting. It is not surprising that molded friction lining compositions formed 
entirely of a phenol-formaldehyde resin-polysiloxane resin have not been used even though they are known, since such 
s molded compositions do not have the necessary constant coefficient of friction characteristics and such friction materi- 
als fail under high energy and high heat conditions. 

[001 4] The present invention is an improvement over the Seitz, U.S. Patent No. 5,083,650 reference which involves 
a multi-step impregnating and curing process; i.e., a paper is impregnated with a coating composition, carbon particles 
are placed on the paper, the coating composition in the paper is partially cured, a second coating composition is applied 

w to the partially cured paper, and finally both coating compositions are cured. 

[001 5] In order for friction materials to be useful in \vef applications, the friction material must have a wide variety 
of acceptable characteristics. The friction material must be resilient or elastic yet resistant to compression set, abrasion 
and stress; have high heat resistance and be able to dissipate heat quickly; and, have long lasting, stable and consist- 
ent frictional performance. If any of these characteristics are not met, optimum performance of the friction material is 

is not met 

[001 6] Thus, it is also important that the impregnating resin be used with a suitable friction lining or fibrous base 
material to form a high energy application friction material. The friction material must have good shear strength both 
when saturated with the wet resin during impregnation and when saturated with brake fluid or transmission oil during 
use. 

20 [001 7] It is also important, under certain applications, that the friction material have high porosity such that there is 
a high fluid permeation capacity during use. Thus, it is Important that the friction material not only be porous, it must 
also be compressible. The fluids permeated into the friction material must be capable of being squeezed or released 
from the friction material quickly under the pressures applied during operation of the brake or transmission, yet the lin- 
ing material must not collapse. It is also important that the friction material have high thermal conductivity to also help 

25 rapidly dissipate the heat generated during operation of the brake or transmission. 

[0018] As far as H is known, there is no disclosure of a friction material for use in transmission systems which 
includes an aramid type fiber which is less f ibrillated than currently available aramid fibers in combination with carbon 
fibers, carbon particles and cotton fibers as a primary layer and having a secondary layer of carbon particles on the pri- 
mary layer. 

30 [001 9] Accordingly, it is an object of the present invention to provide an improved friction material with reliable and 
improved properties compared to those of the prior art. 

[0020] A further object of this invention is to provide friction materials with good anti-shudder performance, high 
speed and energy durability, high porosity strength, and noise resistance. 

[0021] As a result of extensive research in view of the need for a better friction material, a friction material with 
35 improved characteristics has been developed by the inventors. The present friction material is especially useful in appli- 
cations where the friction material is subjected to harsh "break-in" conditions during use. 

[0022] In order to achieve the requirements discussed above, many materials were evaluated for friction and heat 
resistant characteristics under conditions similar to those encountered during operation. Both commercially available 
brake linings and transmission materials were investigated and proved not to be suitable for use in high energy appli- 
40 cations. 

[0023] The present invention is especially useful in brakes and in clutch applications. The present invention pro- 
vides a fibrous base material comprising a porous primary layer and secondary layer. The porous primary layer com- 
prises less fibrillated aramid fibers, carbon fibers, carbon particles, cotton fibers, at least one filler material, and 
optionally other ingredients. The less fibrillated aramid fibers create a porous fibrous base material. The carbon fibers 

45 provide the friction material with good heat conduction such that the friction material has a desired heat resistance. The 
carbon particles also provide good heat conduction and additionally provide the friction material with good friction char- 
acteristics such that the friction material has a good or smooth lee!" in shifting and has an essentially noise or squawk- 
free operation of the brakes and clutches. The presence of the cotton fibers provides the friction material with desired 
"break-in" characteristics such that there is little or no shudder which occurs during the initial use of the friction material. 

so [0024] The secondary layer of the f torous base material oomprises an optimum amount of carbon particles depos- 
ited on the porous primary layer during the process for making the fibrous base material. In certain preferred embodi- 
ments, a suitable retention aid can be used to improve the adhesion of the carbon particles on the porous primary layer. 
[0025] The fibrous base material can be impregnated using different resin systems. In certain embodiments, it is 
useful to impregnate the fibrous based material with a phenolic resin or a modified phenolic-based resin. It has now 

55 been discovered that, in certain embodiments, when a silicone resin is blended or mixed with a phenolic resin in com- 
patible solvents and that silicone-phenolic resin blend is used to impregnate a fibrous base material of the present 
invention, a high energy friction material is formed. Such high energy friction material has high friction stability and high 
heat resistance. 
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[0026] The friction material of the present invention prevents uneven lining wear and therefore the formation of sep- 
arator plate "hot spots" from developing during the useful life of the friction material. When there is little uneven wear on 
the friction material, there is more likelihood to maintain "steady state" of the clutch or brake components and therefore, 
more consistent performance of the clutch and brake. Further, the friction material of the present invention shows good 
s shear strength such that the friction material resists delamination during use. 
[0027] Reference is now made to the accompanying drawings, in which: 

Fig. 1 is a schematic diagram showing one method for making a friction material according to the present invention. 
Fig. 2 is a new separator plate profile having no carbon as a secondary layer. 
10 Fig. 3 is a separator plate surface profile for Example D having no carbon as a secondary layer. 

Fig. 4 is a separator plate surface profile for Example E having a secondary layer comprising about 5% carbon. 
Fig. 5 is a separator plate surface profile for Example F having a secondary layer comprising about 10% carbon 
material. 

Fig. 6 is a separator plate surface profile for Example G having a secondary layer comprising about 15% carbon 
is material. 

Fig. 7 is a separator plate surface profile for Example H having a secondary layer comprising about 20% carbon 
material. 

Fig. 8 is a graph showing the percent of stop time change versus the surface carbon coverage (area of percent) for 
Examples D, E, F, G and H, respectively. 
20 Fig. 9 is a graph showing the percent of nd change versus surface carbon coverage (area of percent) for Examples 
D t E f F,GandH. 

Fig. 1 0 is a graph showing the initial coefficient of friction change as the cycles increase for Examples I, E and J. 
Fig. 1 1 is a graph showing the initial stop time in second versus cycles for Examples I, E and J. 
Fig. 12 is a graph showing a high energy durability test showing the stop time face for thousands of cycles for 
25 Examples E, K and L 

Fig: 13 is a graph showing the curve shape for Example I impregnated with a phenolic resin at 35% to 40% pick-up 
at level B at 70 cycles. 

Fig. 14 is a graph showing the curve shape for Example I impregnated with a phenolic resin at 35% to 40% pick-up 
at level Cat 95 cycles. 

30 Rg. 15 is a graph showing the dynamic coefficient of friction for levels A, B, C and D for Example I showing the ini- 
tial, mid point and final coefficients of friction. 

Fig. 16 is a graph showing the curve shape for Example E impregnated with a phenolic resin at 35% to 40% pick- 
up at level B at 70 cycles. 

Fig. 1 7 is a graph showing the curve shape for Example E impregnated with a phenolic resin at 35% to 40% pick- 
35 up at level C at 95 cycles. 

Fig. 18 is a graph showing the dynamic coefficient of friction for levels A, B, C and D for Example E showing the 
initial, mid point and final coefficients of friction. 

Figs. 1 9A and 19B are graphs showing the stop time as measured by shift time versus cycles for a comparative 1 
high energy material (Fig. 19A) and a carbon deposit material, Example M, (Fig. 19B). 
40 Figs. 20A and 20B are graphs showing displacement as measured by thickness change, or wear, versus cycles for 
a the comparative 1 high energy material (Fig. 20A) and a carbon deposit material, Example M, (Fig. 20B). 
Figs. 21 A and 21 B are graphs showing the initial, mid-point and final coefficients of friction versus cycles for the 
comparative J. high energy material (Rg. 21 A) and a carbon deposit material, Example M. (Rg. 21 B). 

45 [0028] Various resins useful in the present invention include phenolic resins and phenolic-based resins. It is to be 
understood that various phenolic-based resins which include in the resin blend other modifying ingredients, such as 
epoxy, butadiene, silicone, tung oil, benzene, cashew nut oil and the like, are contemplated as being useful with the 
present invention. In the phenolic-modified resins, the phenolic resin is generally present at about 50% or greater by 
weight (excluding any solvents present) of the resin blend. However, it has been found that friction materials, in certain 

so embodiments, can be improved when the impregnant resin blend contains about 5 to about 80%, by weight, and for cer- 
tain purposes, about 15 to about 55%, and in certain embodiments about 15 to about 25%, by weight, of silicone resin 
based on the weight of the silicone-phenolic mixture (excluding solvents and other processing acids). 
[0029] Silicone resins useful in the present invention include, for example, thermal curing silicone sealants and sil- 
icone rubbers. Various silicone resins are useful with the present invention. One resin, in particular, comprises xylene 

55 and acetylacetone (2,4-pentanedione). The silicone resin has a boiling point of about 362°F (183°C), vapor pressure at 
68°F mm, Hg: 21 , vapor density (air=1) of 4.8, negligible solubility in water, specific gravity of about 1 .09, percent vola- 
tile, by weight, 5% evaporation rate (ether=1), less than 0.1, flash point about 149°F (65°C) using the Pensky-Martens 
method. It is to be understood that other silicone resins can be utilized with the present invention. Other useful resin 



4 



BNSDOCIO: <EP 1039168A1 J_> 



EP 1039 168 A1 

blends include, for example, a suitable phenolic resin comprises (% by wt.): about 55 to about 60% phenolic resin; about 
20 to about 25% ethyl alcohol; about 10 to about 14% phenol; about 3 to about 4% methyl alcohol; about 0.3 to about 
0.8% formaldehyde; and, about 10 to about 20% water. Another suitable phenolic-based resin comprises (% by wt): 
about 50 to about 55% phenol/formaldehyde resin; about 0.5% formaldehyde; about 11% phenol; about 30 to about 

5 35% isopropanol; and, about 1 to about 5% water. 

[0030] It has also been found that another useful resin is an epoxy modified phenolic resin which contains about 5 
to about 25 percent, by weight and preferably about 10 to about 15 percent by weight, of an epoxy compound with the 
remainder (excluding solvents and other processing aids) phenolic resin. The epoxy-phenolic resin compound provides, 
in certain embodiments, higher heat resistance to the friction material than the phenolic resin alone. 

10 [0031] In certain embodiments, it is preferred that the target pick up of resin by the friction material range from 
about 40 to about 65%, and, in certain embodiments, about 60 to at least 65%, by weight, total silicone-phenoiic resin. 
After the fibrous base material is impregnated with the resin, the fibrous base material is cured for a period of time (in 
certain embodiments for about 1/2 hour) at temperatures ranging between 300-400°C to cure the resin binder in the 
friction material. The final thickness of the friction material depends on the initial thickness of the f brous base material 

15 and, in certain embodiments, preferably ranges from about 0.01 4 M to about 0.040 n . 

[0032] It further contemplated that other ingredients and processing aids known to be useful in both preparing resin 
blends and in preparing impregnating fibrous-based materials can be included in the friction materials. 
[0033] For the embodiments where a phenolic resin and silicone resin are used, no new compound is formed when 
the silicone resin and phenolic resin are blended together. The chart below shows the prominent FT-IR peaks in wave 

20 numbers for a cured silicone resin, a cured phenolic resin, and about 50/50 Wend of silicone resin and phenolic resin 
which has been cured. As can be seen, no new peaks occur in the 50/50 silicone-phenoiic blend, and the peaks that 
are present reflect the presence of both the silicone resin and the phenolic resin. Thus, it is shown that the resins cure 
separately and that no new compound is formed. 

25 
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[0034] Both the silicone resin and the phenolic resin are present in solvents which are compatible to each other. 
These resins are mixed together (in preferred embodiments) to form a homogeneous Wend and then used to impreg- 

45 nate a f forous base material. There is not the same effect if a fibrous base material is impregnated with a phenolic resin 
and then a silicone resin is added thereafter or vice versa. There is also a difference between a mixture of a silicone- 
phenoiic resin solution, and emulsions of silicone resin powder and/or phenolic resin powder. When silicone resins and 
phenolic resins are in solution they are not cured at all. In contrast, the powder particles of silicone resins and phenolic 
resins are partially cured. The partial cure of the silicone resins and the phenolic resins inhibits a good impregnation of 

so the fibrous base material. Therefore, according to one aspect of the present invention, the fforous base material is 
impregnated with a blend of a silicone resin in a solvent which is compatible with the phenolic resin and its solvent. In 
one embodiment, isopropanol has been found to be an especially suitable solvent It is to be understood, however, that 
various other suitable solvents, such as ethanol, methyl-ethyl ketone, butanol, isopropanol, toluene and the like, can be 
utilized in the practice of this invention. According to the present invention, the presence of a silicone resin, when 

55 blended with a phenolic resin and used to impregnate a fibrous base material, causes the resulting friction materials to 
be more elastic than fibrous base materials impregnated only with a phenolic resin. When pressures are applied to the 
silicone-phenoiic resin blended impregnated friction material of the present invention, there is a more even distribution 
of pressure which, in turn, reduces the likelihood of uneven lining wear. After the silicone resin and phenolic resin are 
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mixed together, the mixture is used to impregnate a fibrous base material. 

[0035] The greater elasticity allows for more uniform heat dissipation during use of the friction material since the 
fluid In the transmission or brake can rapidly move through the porous structure. Further, the increased elasticity pro- 
vides more uniform pressure or even pressure distribution on the friction material such that uneven lining wear or sep- 

s arator plate "hot spots" are eliminated. 

[0036] The friction material of the present invention has high durability and high delamination resistance. The shear 
strength (psi) for the friction material of the present invention is greater than for the conventional materials. The use of 
the less fibrillated fibers and the resulting pore structure of the friction material provides increased thermal resistance 
to the friction material. The fiber geometry not only provides increased thermal resistance, but also provides delamina- 

10 tion resistance and squeal resistance. The presence of the carbon fibers and carbon particles and at least one filler 
material aids in increasing the thermal resistance, maintaining a steady coefficient of friction, and increasing the squeal 
resistance. 

[0037] Various methods for impregnating materials can be practiced with the present invention. The fibrous base 
material is impregnated with the phenolic or modified phenolic resin, preferably so that the impregnating resin material 

is comprises about 45 to about 65 parts, by weight, per 1 00 parts, by weight, of the friction material. After the fibrous base 
material has been impregnated with the resin, the impregnated fibrous base material is heated to a desired temperature 
for a predetermined length of time to form the friction material. The heating cures the phenolic resin at a temperature 
of about 300°F. When other resins are present, such as a silicone resin, the heating cures the silicone resin at a tem- 
perature of about 400°F. Thereafter, the impregnated and cured friction material is adhered to the desired substrate by 

so suitable means. 

[0038] Another aspect of the present invention relates to a porous primary layer of the fibrous base material which 
comprises less fibrillated aramid fibers, carbon particles, carbon fibers and at least one filler material, and in certain 
embodiments cotton fibers, which are combined to form a paper-like f forous base material. It is to be understood that 
various methods of forming fibrous base materials are contemplated as being useful in preparing the fibrous base 

25 material of the present invention. It has been found by the inventors herein that the use of less fibrillated aramid fibers 
and carbon f foers in a primary layer of the fibrous base material improves the friction material's ability to withstand high 
temperatures. It has also been found by the inventors herein that, in certain embodiments, a relatively low amount of 
cotton fibers in the primary layer improves the friction material's clutch "break-in" characteristics. 
[0039] The present invention provides a friction material comprising less fibrillated aramid fibers which generally 

30 have few f torils attached to a core fiber. The use of the less fibrillated aramid fibers provides a friction material having a 
more porous structure; i.e., there are more and larger pores than if a typical fibrillated aramid fiber is used. The porous 
structure is generally defined by the pore size and liquid permeability. In a preferred embodiment the fibrous base mate- 
rial defines pores ranging in mean average size from about 2.0 to about 15 microns in diameter. 
[0040] In certain embodiments, the mean pore size ranges from about 2.5 to about 4 microns in diameter and the 

35 friction material has readily available air voids of at least about 50% and in certain embodiments at least about 60% or 
higher. 

[0041 ] The higher mean flow pore diameter and Darcy's permeability indicate that the friction material is more likely 
to run cooler or with less heat generated in a transmission due to better automatic transmission fluid flow of material 
throughout the porous structure of the friction material. During operation of a transmission system, oil deposits on the 

40 surface of a friction material tend to develop over time due to a breakdown of the automatic transmission fluid, espe- 
cially at high temperatures. The oil deposits on the fibers decrease the pore openings. Therefore, when a friction mate- 
rial initially starts with larger pores, there are more open pores remaining during the useful life of the friction material. 
In addition, in embodiments impregnated with a silicone resin, the silicone resin, due its elastic characteristics, allows 
the fibers in the friction lining to have a more open structure. 

45 [0042] The length ol the less ftorillated fiber ranges from about 0.5 to about 6 mm and has a Canadian Standard 
Freeness (CSF) of greater than about 450 and in certain embodiments, about 500 to about 550 and in other certain 
embodiments, about 580-640 and most preferably about 620-640. In contrast more fibrillated fibers, such as aramid 
pulp, have a freeness of about 285-290. 

[0043] The "Canadian Standard Freeness" (T227 om-85) means that the degree of fibrillation of fibers can be 
so described as the measurement of freeness of the fibers. The CSF test is an empirical procedure which gives an arbi- 
trary measure of the rate at which suspension of three grams of f foers in one liter of water may be drained. Therefore, 
the less fforillated aramid fibers have higher freeness or higher rate of drainage of fluid from the friction material than 
other aramid fibers or pulp. It has now been surprisingly found that friction materials comprising the aramid fibers having 
a CSF ranging from about 530-650. preferably about 580-640, and most preferably about 620-640, provide superior fric- 
ss tion performance and have better material properties than friction materials containing conventionally more f ibrillated 
aramid fibers. It has surprisingly been found that the longer fiber length, together with the high Canadian freeness, pro- 
vide a friction material with high strength, high porosity and good wear resistance. As shown in the examples below, 
high energy tests conducted with materials containing, for example, the less fibrillated aramid fibers (CSF about 580- 
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640 and most preferably about 620-640), have good long-term durability and stable coefficients of friction. 
[0044] The more porous the structure of the friction material, the more efficient is the heat dissipation. The oil flow 
in and out of the friction material during engagement of the friction material during use occurs more rapidly when the 
friction material is porous. 

5 [0045] It has further been discovered that the less fibrillated fibers, carbon fibers, carbon particles, and filler 
improve the pore structure of the fibrous base material so that there are more porous openings throughout the fibrous 
base material. The increased porosity also increases the elasticity of the friction material. A lower degree of fibrillation 
of the less fibrillated aramid fibers results in a friction material having a more porous structure. 
[0046] It has not been known until the present invention to include carbon fibers and carbon particles in a primary 

10 layer of a fibrous base material comprising less fibrillated aramid fibers. The use of carbon particles and carbon fibers 
in the fibrous base material provides a more three dimensional structure to the fibrous base materia!. In certain embod- 
iments, it is preferred that the size and geometry of the carbon particles be in the about 20 to about 50 micron size 
range. In these certain embodiments, it has been discovered that if the carbon particle size is too large or too small, 
there is not the optimum three-dimensional structure and consequently the heat resistance is not as optimum. 

15 [0047] The primary layer also includes novoloid fibers which comprise a cross-linked phenol-formaldehyde poly- 
mer. In certain embodiments, it has been found that a combination of novoloid f foers wherein one fiber type has a rela- 
tively shorter length with an average length of about 0.2mm and another fiber type has a relatively longer length with an 
average length of about 3mm is especially useful. While not wishing to be held to any one theory, it is believed that the 
relatively shorter fibers act more like particles than like fibers and therefore act like a binder type material in the friction 

20 material. The shorter particle-like novoloid fibers provide an improved strength to the friction paper. The relatively longer 
fibers, provides strength and structure to the friction material by preventing collapse of the friction material when the fric- 
tion material is under pressure. While not wishing to be held to any particular theory, it is believed that the novoloid fib- 
ers, which are chemically similar to the phenolic resins which are present in the friction material, bond to the phenolic 
resin material to help provide both mechanical and chemical strength to the friction material. In various embodiments, 

25 the novoloid fibers can be present in the range of about 1 to about 10%, and preferably about 2%. 

[0048] The use of carbon particles and carbon fibers in the primary layer of the fibrous base material provides an 
oriented or three-dimensional structure to the fibrous base material. The carbon particles and carbon fibers have a high 
thermal conductivity which, in turn, provides the friction material with the ability to dissipate heat rapidly. 
[0049] The primary layer of the fibrous base material can include carbon particles which have high thermal conduc- 

30 tivity. The carbon particles provide the friction material with good heat conduction such that the friction material has 
desired heat resistance. The carbon particles also provides the friction material with good friction characteristics such 
as a good or smooth "feel" in shift and essentially noise or "squawk" free operation of the brakes and clutches. The car- 
bon particles are less structured and more randomly structured than graphite particles and are typically made by 
processing various substrates at relatively lower temperatures (e.g., 1 000° C). 

35 [0050] It is to be understood that various fillers are useful in the primary layer of the fibrous base material of the 
present invention. In particular, silica fillers such as diatomaceous earth (celite) and/or silica are especially useful. The 
celite is an inexpensive organic filler which bonds strongly to the fibrous materials. The strong bonds provide high 
mechanical strength to the friction material. The celite also provides high coefficients of friction to the friction material. 
The celite also provides the friction material with a smooth friction surface and provides a good "shift feel" and friction 

40 characteristics to the friction material. However, it is contemplated that other types of fillers are suitable for use in the 
present invention and the choice of filler depends upon the particular end use requirements of the two-ply friction mate- 
rial. 

[0051] In certain embodiments, cotton fibers are added to the primary layer of the fibrous base material of the 
present invention to give the fibrous material higher coefficients of friction. In certain embodiments, about 3 to about 

45 10%, and in certain embodiments about 5% can be included in the primary layer of the fibrous base material. 

[0052] One example of a formulation for a primary layer of a fforous base material comprises about 10 to about 
50%, by weight, of less f forillated aramid ffoers; about 5 to about 20%, by weight, of carbon particles; about 5 to about 
25% carbon fibers; about 1 5 to about 35%, by weight, filler material; about 0 to about 10% cotton fibers; and, about 0.5 
to about 5% phenolic novoloid f foers. In certain embodiments, one particular formulation of the primary layer which has 

so found to be useful comprises about 40%, by weight, less fibrillated aramid fibers; about 13%, by weight, carbon parti- 
cles; about 20% carbon fibers; about 20%, by weight filler; about 3 to about 5% cotton fibers, and about 2% phenolic 
novoloid f foers. Another particularly useful formulation of the primary layer comprises about 43%, by weight, less fibril- 
lated aramid fibers; about 15%, by weight carbon particles; about 20%, by weight carbon fibers; about 20%, by weight, 
filler; and about 2% phenolic novoloid fibers. . 

55 [0053] The formulation further comprises a secondary layer comprised of a deposit of carbon particles on the sur- 
face of the fforous material during the fibrous base material making process. The adhesion of the carbon particles on 
the surface of the fibrous base material can be improved by using retention aids and/or binding agents such as a suit- 
able amount of latex type materials present in the primary or lower layer. 
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[0054] In preferred embodiments, the amount of carton particles present in the secondary layer ranges from about 
0.2 to about 20%, by weight and in certain embodiments about 15 to about 5%, by weight and in other embodiments 
about 2 to about 20%, by weight of the friction paper. In preferred embodiments, the area of coverage of carbon parti- 
cles on the primary layer surface is In the range of the about 3 to about 90% of the surface area. One particular formu- 
5 lation of the secondary layer comprises about 3 to about 5% by wt, carbon particles, based on the weight of the fibrous 
base material. 

[0055] The uniformity of the layer of carbon particles on the surface of fibrous base materials can also be improved 
using a range and size of the carbon particles that is preferably from about 0.5 to about 80nm. However, it is contem- 
plated that other sizes of carbon particles are also useful as a secondary layer on the fibrous base material of the 
io present invention. 

[0056] The following examples provide further evidence that the fibrous base material and friction material of the 
present invention are an improvement over the conventional friction materials. Various preferred embodiments of the 
invention are described in the following examples, which however, are not intended to limit the scope of the invention. 
[0057] The coefficient of friction remains for the friction material of the present invention relatively steady as the 
is cycles increase, thus showing the high friction stability of the friction material. Also, the mid point dynamic coefficient of 
friction for the friction materials show that as the number of cycles increased, the mid point coefficient of friction 
remained relatively steady. The friction materials of the present invention have more stable mid point coefficients of fric- 
tion than comparative friction materials. 

[0058] The torque curve shape indicates that the friction material of the present invention is especially useful in high 
20 speed, high energy and high temperature applications. The stable torque curve also shows that the friction material of 
the present invention is essentially noise or squawk-free. 

[0059] The friction material of the present invention performs consistently better than the comparative materials. 
Thus, the fibrous base materials of the present invention perform much better at higher speeds than the comparative 
materials. It is also important to note that there is no fall off of coefficient of friction as the number of cycles increases 
25 for the fibrous base materials of the present invention. Also, the relatively steady coefficient of friction indicates the fric- 
tion materials are very stabla 

[0060] In particular, the friction material of the present invention performs consistently better than conventional high 
energy materials in extended high speed durability tests. An increase in Canadian Standard Freeness of aramid type 
fibers produces ftorous base materials having improved durability. Further, fibrous base materials containing aramid fib- 
so ers having a CSF of at least about 580-640, and preferably about 600-640 and most preferably about 620-640, have 
larger pore sizes than other types of aramid fibers. The high inertia durability of the fibrous base materials having such 
less f forillated aramid fibers is improved and there is a better fade resistance. 

[0061] One preferred embodiment for making a friction material 10 is shown in Fig. 1. A fibrous base material 12 
comprises a lower layer 14 having an upper or top surface 16 and a lower or bottom surface 18. In a preferred embod- 

35 iment the lower layer 14 comprises the less fibrillated aramid fiber, carbon particles, carbon fibers, cotton ffoers. filler 
material, and phenolic novoloid fibers. While the lower layer 14 is wet carbon particles 20 are deposited onto the top 
surface 1 6 of the wet lower layer 1 4. In certain embodiments, the lower layer 1 4 further comprises a suitable amount of 
at least one type of binder or retention aid material such that the carbon particles are adhered to the wet layer 14 by the 
retention aid material which is present in the lower wet layer 14. Suitable retention aid materials include, for example a 

40 latex type binder material and/or an alum based material having a pH of about 4.5 or less. 

[0062] In another embodiment it is also useful to use a low vacuum pressure means 30 on a lower side of the wet 
layer 14 prior to deposition of the carbon particles 20 on the opposing bottom surface 18 of the layer 14. 
[0063] A preferred process for producing the non-asbestos friction material comprises mixing less fibrillated aramid 
fibers, carbon particles, carbon ffoers, cotton fibers, phenolic novoloid fibers, and at least one filler to form a primary 

45 layer fibrous base material. At least one surface of the fibrous base material is coated with a secondary layer comprising 
the carbon particles. The fibrous base material with the coat carbon particles thereon is impregnated with at least one 
phenolic or modified phenolic resin. The impregnated, carbon coated fibrous base material is cured at a predetermined 
temperature for a predetermined period of time. 

[0064] In another embodiment a phenolic resin can be mixed with a silicone resin to impregnate the fibrous base 
so material, as disclosed in US. Patent No. 5,639,804, the entire contents of which are expressly incorporated by refer- 
ence herein. 

[0065] It has been found that the longer fiber length, together with the high Canadian freeness and layer of carbon 
particles provides a friction material which provides high durability, good wear resistance and improved break-in char- 
acteristics. The change in the coefficient of friction of the carbon deposit layered friction material in the initial stages is 
55 much less than friction materials with no carbon deposit 

[0066] Table 1 provides a summary of test procedure conditions for break-in characteristics test 5004DN, high 
speed durability tests 5004CN, high energy durability tests 5030CIM and the ji-v-p-t characteristic test 491 N-494N for 
the materials shown in Examples 1 -4 below. 
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Table 1 

Test Procedure Conditions (Not Immersed Modification) 
(Size 3 Plates) 
Break-in High Energy High Energy 
Test Procedure Characteristics Durability Test Durability Test 





5004DN 


5004CN 


5030CN 


Level 


Level A 


Level A & C 


Level A&C 


Cycles 


200 cycles 


50 cycles 


<- 


Speed 


3700 rpm 




3600 rpm 


Inertia 


2.17 


<- 


<- 




kgcmsec 2 






Pressure 


137.8 KPa 


<- 


<r- 


Temperature 


100-110 °C 


<- 


<- 


Oil flow 


0.757 Ipm 


<- 


«- 


Kinetic energy 


15974 Joule 


<- 


15122 Joule 


Level 




Level B 


Level B 


Cycles 




5000 cycles 


5000 cycles 


Speed 




6200 rpm 


4000 rpm 


Inertia 




1.98 


5.30 






kgcmsec 2 


kgcmsec 2 


Pressure 








Stop Time 




*0.8 sec. 


**0.95 sec. 


Temperature 




110-110 °C 


100-1 10°C 


Oil flow 




0.787 Ipm 


<- 


Kinetic energy 


m 


40865 Joule 


45558 Joule 


Power density 




2.27 W/mm 2 


2.13 W/mm 2 



1039168A1_!_> 
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Test Procedures 



35 



40 



45 



50 



u-v-p-t Characteristics 
49IN-494N 





Level 


Level A 


Level B 




Cycles 


SO cycles 


25 cycles 


10 


Speed 


800 rpm 


1400 rpm 




Inertia 


3.55 kgcmsec 2 


<- 




Pressure 


48 7 KPa 

■»w«f r\ra 


97.4 KPa 


15 


Temperature 




<— 






c 


<— 






d93M=inn°f k 4QAM=19 


<- 


20 




0°C 


<- 




Oil flow 


0.757 Ipm 


<- 




Kinetic energy 


1223 Joule 

*< 


3745 Joule 


25 


Level 


Level C 


Level D 




Cycles 


25 cycles 


25 cycles 




Speed 


2600 rpm 


3600 rpm 


30 


Inertia 


3.55 kgcmsec 2 


3.55 kgcmsec 2 




Pressure 


194.8 KPa 


292.2 KPa 



Stop Time 
Temperature 



OH flow 
Kinetic energy 
Power density 



491N=30°C,492N=80° 
C 

493N=100°C,494N=12 
0°C 

0.787 Ipm 
12916 Joule 



491N=30°C,492N*80° 
C 

493N=100°C,494N=1 
20°C 

4- 

24761 Joule 



Note: *ln level B, adjust apply pressure to maintain 0.8 seconds stop 
time within 175th cycles. 

M ln level B, press start at 140 KPa, adjust the pressure to 
maintain 0.95 seconds stop time by 175th cycles. 
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Example 1 

[0067] The following fibrous base materials, in percent, by weight are used in the examples below. 
[0068] Example A is a two layer fibrous base material comprising a primary layer of about 45% fibrillated aramid 
fibers (CSF about 450-500), about 10% synthetic graphite, about 40% diatomaceous earth, and optionally about 5% 
optional filler, such as aramid pulp, and a secondary layer of about 3-5% carton particles. In certain embodiments, it is 
desirable to use a retention aid to help adhere the carbon particles on the surface of the fibrous base material. 
[0069] Example B is a two layer fibrous base material comprising a primary layer of about 45% fibrillated aramid 
fibers (CSF about 450-500), about 23% synthetic graphite, about 27% diatomaceous earth, and optionally about 5% 
optionally filler such as aramid pulp, and a second layer of about 3-5% carbon particles. 

[0070] Example C is a two layer fibrous base material comprising a primary layer of about 25% less fibrillated ara- 
mid fibers (CSF about 450-500), about 45% carbon particles and about 30% cotton fibers, and a secondary layer of 
about 20% carbon particles. In certain embodiments, it is desirable to use a retention aid up to about 20% Alum to a 
pH4.5 to help adhere the carbon particles on the surface of the fibrous base material. 

[0071] Table 2 below shows results of a break-in test using a phenolic resin, for each of the fforous base materials 
shown in Examples A, B and C and the percent resin pick-up for each fibrous base material is as shown. 
[0072] Table 3 below shows the break-in characteristics for the fibrous base materials for Examples A, B and C sat- 
urated with a silicone resin, wherein each fibrous base material has a percent resin pick-up as shown. 



Table 2 



Break-In Test 


Pick-Up 


39% 


40% 


41% 




Ex. A 


Ex.B 


Ex. C 


n(nu'd) 








cycle 1 


0.107 


0.101 


0.132 


cycle 50 


0.12 


0.12 


0.122 


cycle 100 


0.121 


0.12 


0.116 


cycle 200 


0.126 


0.128 


0.119 


% change 


17.76 


26.73 


-9.85 
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Table 3 



Break-In Test 


Raw Paoer 


Ex. A 


F* R 


Py P 
Ca. Kj 


Pick-Up 


61% 




DO so 


P.i PLnnHrtinn 


silicone resin 


silicone resin 


silicone resin 


■ ■ / iYtiH\ 








cycie i 


u. lob 


0.146 


0.144 


n\/nlo 


ft ICO 

U. lOd 


n he a 

0.154 


0.137 


cycle 100 


0.157 


0.157 


0.145 


cycle 200 


0.162 


0.153 


0.142 


% change 


3.85 


4.79 


-1.39 


Stop time 








cycle 1 


0.79 


0.821 


0.808 


cycle 50 


0.738 


0.752 


0.826 


cycle 100 


0.745 


0.748 


0.816 


cycle 200 


0.749 


0.748 


0.807 


% change 


-5.19 


-8.89 


-0.12 



[0073] It is noted that for the high carbon particles deposit fibrous base materials (Example C) saturated with phe- 
nolic resin and non-phenolic resin, the dynamic coefficient of friction value and the stop time did not change after the 
30 200 cycles test 

[0074] For papers with the low percentage of carbon particle content on the fibrous base material (Examples A and 
B), the silicone resins help stabilize the dynamic coefficient of friction values within 20 cycles. In dab not shown, it took 
60 cycles for a phenolic/silicone resin to stabilize and about 80 cycles for a phenolic resin and 100 cycles for the phe- 
nolic resin system to stabilize. 

35 [0075] The stop time became constant after 20 cycles for the pure silicone resins, while it took 80 cycles to reach 
the constant stop time for the silicone blend (data not shown). The phenolic resin examples shown in Table 1 needed 
about 1 00 cycles to level of stop time. 

[0076] In certain embodiments, the break-in behavior depends on the degree of carbon coverage on the surface of 
the fibrous base material and on the compositions of the primary layer formulation (in various embodiments, sometimes 
40 the resin type is also to be considered in controlling the break-in behavior). 

Example 2 

[0077] The following fibrous base materials, in percent by weight are used in the examples below. Each example 
45 comprises about 20% less f ibrillated aramid fibers (CSF about 580-640), about 20% synthetic graphite, about 20% dia- 
tomaceous earth, about 35% cotton fibers, and optionally about 2% latex. A secondary layer for each of the following 
examples comprised various percentage by weight of carbon particles. 

Example D - 0% carbon particles; 
so Example E - 5% carbon particles; 
Example F - 10% carbon particles; 
Example G - 15% particles; and 
Example H - 20% carbon particles. 

55 [0078] Table 4 provides break-in test data for Examples D ( E, F, G and H saturated with a phenolic resin and cured 
at 350°F for 30 minutes. The coefficient of friction for the mid, initial, final coefficients of friction are shown. Also, the stop 
time is shown. Table 4 also shows the surface carbon coverage as percent of area and the saturated paper pore size 
and liquid permeability. The higher mean flow pore diameter indicates that the friction material is more likely to have 
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lower interface temperature because of more efficient dissipation in their transmission due to better automatic transmis- 
sion fluid flow of materials out the porous structure of the friction material. Therefore, when a friction material initially 
starts with larger pores, more open pores remain during the useful life of the friction material. 



Table 4 



10 



40 



45 



Break-In Test (Procedure 5004D) 


Coverage (% By 
Weight) Resin 


Ex. D 0%, phe- 
nolic 

uwU 1/ O UN II 1 1 


Ex. E 5%, phe- 
nolic 

Q,Rn°F/ofimin 

OJU r/OVJllllU 


Ex. F 10%, phe- 
nolic 

OUU P/OVIIHII 


Ex. Q 15%, phe- 
nolic 

Ow i /OU II II II 


Ex H 20%, phe- 
nolic 350°Fy30 
min 














cycle 1 


U. lOo 


ft iOO 


ft HOC 

0.1 £0 


ft ^ Oft 

U.loU 


0.129 


cycie ou 


ft HOH 
0.1^1 


0.1^4 


O.llo 


0.1 19 


0.109 


cycle 200 


0.127 


0.127 


0.125 


0.125 


0.110 


to \a \<x\ iy c 


17 6 


4.1 




_Q O 

o.o 


-14 7 


n/initioh 
yi\>' iiuctii 












cycle 1 


ft ion 
U.loU 


ft 1vlft 


ft i AO 

0.143 


ft 107 

0.137 


ft «i il A 

0.144 


cycie ou 


ft 1 CO 
U.lOO 


0.140 


ft H oo 

0.133 


ft iOi 
0.131 


0.128 


cycle 200 


0.154 


0.145 


0.149 


ft HOO 

0.138 


0.122 


% change 


lo.o 


o.b 


A ft 

4.Z 


ft "7 

0.7 


-15.3 


n(final) 












cycle 1 


0.109 


0.124 


0.130 


0.130 


0.133 


cycle 50 


0.122 


0.127 


0.123 


0.122 


0.118 


cycle 200 


0.133 


0.130 


0.123 


0.129 


0.114 


% change 


22.0 


4.8 


-5.4 


-0.8 


-14.3 


stop time 












cycle 1 


1.078 


0.963 


0.954 


0.939 


0.925 


cycle 50 


0.903 


0.889 


0.911 


0.917 


0.956 


cycle 200 


0.861 


0.863 


0.899 


0.898 


0.962 


% change 


-20.1 


-10.4 


-5.8 


-4.4 


4.0 


Sat. paper pore 
size (pm) 


8.31 


6.13 


7.10 


7.16 


7.72 


Liquid permea- 
bilityfcm 2 ) 


0.127 


0.111 




0.085 


0.080 


Surface carbon 

cover- 

age(area%) 


2.0% 


25.0% 


35.0% 


49.0% 


90.0% 



so [0079] Table 5 shows the shear strength for Examples E, F, G and H. The higher the shear strength, the better the 
mechanical strength the friction material has, which means that more pressure is needed to shear the friction lining. 
[0080] The shear strength friction materials of the present invention are greater than those for conventional mate- 
rials. The use of the less fibril lated fibers and the resulting porous structure of the friction material provides increased 
thermal resistance of the friction material. The fiber geometry not only increases thermal resistance, but also provides 

55 delamination resistance and squeal resistance. In addition, the presence of the synthetic graphite particles and at least 
one filler material aids in increasing the thermal resistance, maintaining a steady coefficient of friction and increasing 
the squeal resistance, in addition, the average pore size for the friction material of the present invention ranges from 
about 0.5iim to about 1 20um in diameter and in certain embodiments about 6um to about 50jum in a preferred embod- 
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iment 

[0081] Table 5 also shows the compression/relaxation studies. These tests report the effect on paper caliber 
caused by repeatedly pressing on a sample and releasing the sample through a series of different pressures. These 
readings provide an indication of the internal resistance to set or compacting during the processing. The examples 
5 show good elasticity which allows for more uniform heat dissipation during use of the friction materials, since the fluid 
in the transmission or brake can rapidly move through the porous structure. Further, the increase elasticity provides 
more uniform pressure or even pressure distribution on the friction material, such that uneven lining wear or separator 
plate "hot spots" are eliminated or minimized. 

10 

Tables 



15 



2 Ply Carbon Materials 


Trial* 


Ex. D 


Ex.E 


Ex.F 


Ex. G 


Ex. H 


Shear psi 
Comp-set 
300/1 500psi 


357 
0.06770.013 
0.201/0.041 


351 
0.068/0.014 
0.197/0.038 


292 
0.078/0.011 
0.212/0.040 


337 

0.067/0.014 
0.210/0.049 


199 
0.061/0.014 
0.237/0.068 



20 

[0082] Referring now to Figs. 2-7, surface profiles for separator plates are shown. Fig. 2 shows a new separator 
plate having a surface roughness of about Ra 6.0 ji in. 

[0083] Fig. 3 shows Example D having 0% carbon material tested, having an Ra of about 7.6 \i In. 
[0084] Fig. 4 shows Example E having about 5% carbon material tested, having an Ra of about 6.0 n in. 
25 [0085] Rg. 5 shows Example F having about 10% carbon material, having an Ra of about 5.6 ji in. 

[0086] Rg. 6 shows Example G having about 15% carbon material, having an Ra of about 1 1.5 u in. with a scar 
depicted thereon. 

[0087] Rg. 7 shows Example H having about 20% carbon material, having an Ra of about 1 1 .7 \i in., having two 
scars shown thereon. 

30 [0088] Table 6 below shows the percent of area carbon for Examples D, E, F, G and H before the tests and after the 
tests. 



Table 6 



35 



Area % of Carbon 


Ex. D 


Ex. E 


Ex. F 


Ex. G 


Ex. H 


Before Test 


5% 


35% 


52% 


61% 


73% 


After Test 


3% 


52% 


65% 


67% 


80% 



40 

[0089] The above data in Tables 4 and 5 and in Rgs. 2-7 show a series of fibrous base materials with different per- 
centage of carbon coverage on the surface which were tested for break-in behavior. It is to be noted that Examples E 
and G having a 5% and 10% carbon coverage, by weight have a better break-in behavior than Example D having 0% 
carbon coverage. Both Examples E and F have similar mid point dynamic coefficient of frictions as Example D at cycle 
45 200. 

[0090] The Example H, having about 20% carbon coverage, had a large drop off of the dynamic coefficient and also 
a lower dynamic coefficient of friction than Example D having 0% carbon coverage at cycle 200. 
[0091] It is to be noted that there is a relationship between the percentage of dynamic coefficient of friction change 
and the surface carbon coverage (area of percent). There is also a relationship between the percent stop time change 
so and the surface carbon coverage (area of percent). These relationships are shown in Rgs. 8 and 9. 

Example 3 

[0092] Example 3 shows the effect of carbon coverage on fibrous base materials in long-term durability tests. 
55 Example 1 comprises about 25% aramid fibers (CSF about 450-500), about 30% cotton fibers, about 20% synthetic 
graphite and about 25% diatomaceous earth. 

[0093] Example J comprises about 25% aramid fibers (CSF about 580-640). 20-30% cotton fibers, about 20-25% 
synthetic graphite and about 20-25% diatomaceous earth. Example E is as stated above and Example K, comprises 
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about 40-50% aramid fibers (CSF about 450-500). about 20-25% synthetic graphite, about 25-30% diatomaceous 
earth, and optionally about 0-7% aramid pulp. 

[0094] The Example E resin has very good break-in behavior and the very good high speed durability. It should be 
noted that Example J also had a better durability than the Example I even though neither Example J nor I had carbon 
s particles. 

[0095] Fig. 10 shows the initial coefficient of friction change tor Examples I, E and J. Fig. 1 1 shows the initial stop 
time change for Examples I, E and J. 

Example 4 

10 

[0096] The high energy durability test according to Procedure 5030CN are shown in Fig. 12. 
[0097] Fig. 12 shows the stop time fade for Examples E, K and L It is noted that the Example E had a stop time 
fade at almost 4000 cycles, while the Example L had a stop time fade of greater than 2500 cycles and that the stop time 
was less than about 1 .05 seconds. It is seen in Example E that it has the best durability of all materials tested under 
15 this 5030CN procedure showing high inertia durability. Example E is the carbon deposit material (5% carbon deposi- 
tion). Example L and K are non-carbon deposit materials (0% carbon deposit). 

Example $ 

20 [0098] As seen in Table 7 below, the Example E which has about 5% carbon particle secondary layer shows good 
friction behavior, including good curve shape ratings and good coefficients of frictions as compared with Examples I and 

J. 

[0099] Rgs. 1 3, 1 4 and 1 5 show the coefficient of friction curved shapes for Example I which does not contain car- 
bon deposit for levels A, B, C and D showing the initial rrrid point and final coefficient of frictions. 

25 [0100] Fig. 13 and 14 show the engagement torque characteristics for friction materials without a carbon deposit 
(relative rotation speed - 1400 RPM in Fig. 13 and relative rotation speed = 2400 RPM in Fig. 37). Fig. 15 shows the 
dynamic coefficients of friction fa) for the friction materials without a carbon deposit at various rotation speeds. 
[0101] Figs. 16, 1 7 and 18 show the curve shapes for the Example E comprising a fibrous base material having a 
less fibrillated aramid fibers (CSF about 580-640) and a secondary layer of about 5%. The Example E is impregnated 

30 with a phenolic resin at about 35% to 40% pick-up. Figs. 16,17and 1 8 6how the initial mid point and coefficient of fric- 
tion for levels A, B, C and D. 

[01 02] Figs. 1 6 and 1 7 show the engagement torque characteristics for friction materials with a 5% carbon deposit 
(relative rotation speed « 1400 RPM in Fig. 16 and relative rotation speed ■ 2400 RPM in Fig. 17). Fig. 18 shows the 
dynamic coefficients of friction for the friction materials with a 5% carbon deposit at various rotation speeds. 
35 [01 03] The Figs. 13-18 show that the Example E has good curve shape rating and good coefficients of friction. The 
fibrous base material having a secondary layer of carbon deposit has a higher friction durability due to higher thermal 
conductivity, larger pore size and greater liquid permeability of the primary layer. 



Table 7 



Torque Curve Shape Evaluation 




Ex. E 


Ex. I 


Ex. J 




5%-carbon 






Rate B 


4/5 


1 


1 


C 


4 


1 


1 


Coeff. A 


0.143 


0.132 


0.134 


B 


0.137 


0.127 


0.132 


C 


0.129 


0.121 


0.120 


D 


0.131 


0.125 


0.119 


Break-in % 


*2.0 


*2.1% 


*2.1 


Stop-time/^ 


0.7 


6.40 


1.5 
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Example 6 

[01 04J Example M is a carbon deposit material comprising a primary layer of about 43% less f ibrillated aramid f to- 
ers (CSF of about 625), about 20% carbon fibers, about 15% carbon particles such as graphite, about 20% filler mate- 
5 rial, such as celite, and, about 2% Kynol® type phenolic fibers; and a secondary layer of about 3 to about 5% carbon 
particles deposited at about 6 lbs. In certain embodiments, it is desirable to use a retention aid to help adhere the car- 
bon particles of the secondary layer on the surface of the f forous base material. 

[0105J The Example M was compared to a high energy material comprising 10%, by weight, cotton fibers; 70%, by 
weight, aramid fibers; about 15% carbon particles; 5%, by weight, carbon ffoers, and 30%, by weight, celite filler. 

io [0106] Figures 19A and 19B show the results of a stop time test comparing the shift time versus cycles for a com- 
parative X high energy material (Fig. 1 9A) and the carbon deposit material, Example M, (Fig. 1 9B). Fig. 1 9B shows that 
the shift time is more stable and that there is less change as the number of cycles increases. 
[0107] Figs. 20A and 20B show the results of a displacement test comparing the thickness changes (mm) which 
indicate wear of the friction lining, versus cycles. Fig. 20B shows that Example M has less wear over more cycles, while 

is the comparative x material, as shown in Fig, 20A, shows failure due to high wear. 

[0108] Figs. 21 A and 21 B show the results of a coefficient of friction tests for initial, mid-point and final values ver- 
sus cycles, where the highest value is the initial coefficient of friction and the lowest value is the final coefficient of fric- 
tion. Fig. 20B shows that Example M has more similar coefficient of friction curves for the initial, mid-point and final 
coefficients of friction, than the comparative X material, as shown in Fig. 21 A. 

20 [0109] The present invention is useful as a high energy friction material for use with clutch plates, transmission 
bands, brake shoes, synchronizer rings, friction disks or system plates. 

[01 1 0] The above descriptions of the preferred and alternative embodiments of the present invention are intended 
to be illustrative and are not intended to be limiting upon the scope and content of the following claims. 

25 Claims 

1 . A non-asbestos friction material comprising a fibrous base material impregnated with at least one curable resin; the 
fibrous base material comprising a porous primary layer and a secondary layer; the primary layer comprising, by 
weight based on the primary layer about 10 to about 50% less ftorillated aramid fiber; about 5 to about 20% carbon 

30 particles; about 5 to about 25% carbon ffoers; about 15 to about 35% filler material; about 0 to about 10% cotton 
ffoers; and about 0.5 to about 5% phenolic novoloid fibers; the porous primary layer having an average pore diam- 
eter of about 2.0 to about 15 microns; the secondary layer comprising carbon particles on at least one surface of 
the primary layer, the carbon particles being present at about 0.2 to about 20%, by weight based on the weight of 
the fibrous base material, the carbon particles covering about 3% to about 90% of the surface area of the primary 

35 layer. 

2. A friction material according to claim 1 , wherein the primary layer comprises about 43% less ftorillated aramid fib- 
ers; about 20% carbon fibers; about 15% carbon particles, about 20% filler material; and about 2% novoloid phe- 
nolic fibers. 

40 

3. A friction material according to claim 1 or 2, wherein the primary layer comprises less f ibrillated aramid fibers hav- 
ing a freeness greater than about 450 on the Canadian Standard Freeness index, in an amount sufficient to provide 
high heat resistance and substantially uniform coefficient of friction to the friction material. 

45 4. A friction material according to claim 3, wherein the less ftorillated aramid fibers have a freeness of about 580-640 
on the Canadian Standard Freeness index. 

5. A friction material according to claim 1, 2, 3 or 4, wherein the secondary layer comprises about 3% to about 5%, 
by weight of carbon particles, based on the weight of the fibrous base material. 

50 

6. A friction material according to claim 1, 2, 3 or 4, wherein the secondary layer comprises about 5% to about 15%, 
by weight, of carbon particles, based on the weight of the f torous base material. 

7. A friction material according to any preceding claim, wherein the carbon particle size ranges from about 6 to about 
55 50 microns. 

8. A friction material acoording to any preceding claim, wherein the area of coverage of the carbon particles on the 
primary layer is in the range of about 3 to about 80% of the surface area of the primary layer. 
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9. A friction material according to any preceding claim, wherein the primary layer further comprises at least one reten- 
tion aid to adhere the carbon particles on the surface of the primary layer. 

10. A friction material according to claim 9, wherein the retention aid comprises up to about 20% alum having a pH of 
5 about 4.5. 

11. A friction material according to any preceding claim, wherein the less fibrillated aramid fibers have average fiber 
lengths in the range of about 3 to about 6mm. 

10 12. A friction material according to any preceding claim, wherein the filler comprises diatomaceous earth. 

13. A friction material according to any preceding claim, wherein the pore diameter ranges in mean average size from 
about 2.5 to about 12 microns. 

15 14. A friction material according to any preceding claim, wherein the primary layer has readily available air voids of at 
least about 50%. 

15. A friction material according to any preceding claim, impregnated with a phenolic resin or a modified phenolic resin. 

20 16. A friction material according to claim 15, wherein the friction material comprises approximately 25 to about 60% 
resin, by weight. 

17. A friction material according to claim 15 or 16, wherein the modified phenolic resin comprises an epoxy phenolic 
resin. 

25 

18. A friction material according to claim 17, wherein the amount of epoxy resin present in the epoxy phenolic resin 
ranges from about 5 to about 25%, by weight, based on the weight of the epoxy phenolic resin. 

19. A friction material according to claim 18, wherein the amount of epoxy resin present in the epoxy phenolic resin 
30 ranges from about 10 to about 15%, by weight, based on the weight of the epoxy phenolic resin. 

20. A friction material according to any one of claims 1 to 14, wherein the fibrous base material has been impregnated 
with a mixture of a phenolic resin and a silicone resin wherein the amount of silicone resin in the mixture ranges 
from approximately 5 to approximately 80%, by weight, based on the weight of the mixture, the friction material 

35 exhibiting high heat resistance and substantially uniform coefficient of friction. 

21 . A friction material according to claim 20, wherein the phenolic resin is present in a solvent material and the silicone 
resin is present in a solvent material which is compatible with the solvent material of the phenolic resin. 

40 22. A friction material according to claims 20 or 21 , wherein the amount of silicone resin present in the silicone-phenolic 
resin mixture ranges from about 20 to about 25%, by weight based on the weight of the mixture. 

23. A friction material according to claim 20, 21 or 22, wherein the amount of silicone resin present in the silicone resin 
mixture ranges from about 1 5 to about 25%, by weight, based on the weight of the mixture. 

45 

24. A process for producing a non-asbestos friction material comprising coating about 3% to about 90% of the surface 
area of at least one surface of a porous fibrous base material having an average pore diameter of about 2.5 to 
about 12 microns with carbon particles, the carbon particles being present at about 0.2 to about 20%, by weight, 
based on the weight of the fibrous base material, impregnating the carbon coated fibrous base material with at least 

so one phenolic resin or modified phenolic resin, and thereafter curing the impregnated carbon coated fibrous base 
material at a predetermined temperature for a predetermined period of time; wherein the fibrous base material 
comprises, in weight percent based on the weight of the fibrous base material, about 10 to about 50% less fibril- 
lated aramid fiber; about 5 to about 20% carbon particles; about 5 to about 20% carbon fibers; about 15 to about 
35% filler material; about 3 to about 10% cotton fibers; and about 0.5 to about 5% phenolic novoloid fibers. 

55 

25. A process for producing a non-asbestos friction material comprising mixing a phenolic resin with a silicone resin, 
impregnating a fibrous base material with the silicone-phenolic resin mixture, the fibrous base material comprising 
a porous primary layer and a secondary layer; the primary layer comprising the primary layer, by weight, based on 
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the primary layer about 10 to about 50% less fibrillated aramid fiber; about 5 to about 20% carbon particles; about 
5 to about 25% carbon fibers; about 15 to about 35% filler material; about 0 to about 1 0% cotton fibers; and about 
0.5 to about 5% phenolic novoloid fibers; the porous primary layer having an average pore diameter of about 2.0 to 
about 15 microns; the secondary layer comprising carbon particles on at least one surface of the primary layer, the 
carbon particles being present at about 0.2 to about 20%, by weight based on the weight of the fibrous base mate- 
rial, the carbon particles covering about 3% to about 90% of the surface area of the primary layer; and, thereafter 
heating the carbon coated impregnated fibrous base material to cure the phenolic resin and the silicone resin. 
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